Peripheral blood samples were obtained from patients, and DNA isolation was performed using a modified salting out method that was developed by Miller et al. (23) . Cases were examined in terms of the existence of a frataxin mutation for FA, the existence of ataxin 1, ataxin 2, and ataxin 3, and voltage-dependent P/Q type calcium channel alpha 1a subunit (CACNA1A) gene mutations for SCA types 1, 2, 3, and 6. Moreover, 42 age-and sex-matched healthy volunteers were used as the control group.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSS Inc; Chicago, IL, USA) 17.0 packet program was used for statistical analysis of data, and a chisquare test was used for intergroup comparisons of categorical measurements. The Mann-Whitney U test was used for comparing between two groups of measurement results that did not reveal a normal distribution, and the statistical significance level was 0.05 in all tests.
RESULTS
With respect to history and pedigree data, FA showed an AR inheritance pattern in 83 cases and an AD inheritance pattern in 61 cases. In 68 cases with FA showing the AR inheritance pattern, a molecular study revealed the GAA repeats in the gene coding for the frataxin protein. In two cases with FA showing an AD inheritance pattern, ataxin 1 gene mutation was found, while in two other cases, CACNA1A gene mutation was found.
Moreover, 68 cases were diagnosed with FA: 37 females (54.4%) and 31 males (45.5%). The average age of males was 20.1±8.1 years and that of females was 19.06±6.5 years; the overall average age was 19.8±7.2 (range 2-34) years. In the FA group, no statistically significant difference was observed in patients in terms of age and sex (p=0.761 and p=0.299, respectively). In the FAA group, the average GAA trinucleotide increase was detected to be 677.7 times, and 54.4% of female cases and 45.5% of male cases were homozygous.
It was determined that a lack of balance was the main and first complaint in all groups. Neurological examination revealed cerebellar syndrome findings in all cases. In the manual motor power examination that was performed according to the Medical Research Council scale, evident weaknesses were observed in the lower extremity distals of 52.9% of FA cases, but no weaknesses were detected in SCA1 and SCA6 cases.
Mental retardation and optical atrophy were other neurological examination findings that distinguished FA cases from SCA1 and SCA6 cases, and these findings were detected in 14.7% and 16.1% of all FA cases, respectively.
Skeletal deformities were found in all three groups, but their varieties of pes cavus, mallet finger, scoliosis, and dome palate were a remarkable finding in FA cases.
In evoked potential studies, because of an assessment based on latencies and/or amplitudes, abnormalities were detected in SEP, VEP, and BAEP recordings of 37, 12, and 6 patients with FA, respectively, while all electrophysiological findings were normal in the other two groups.
In cerebral MRG examinations, a significant difference was detected between the groups in terms of cerebellar atrophy. In spinal MRG examinations, cord atrophy was detected in FA cases, while no cord atrophy was observed in the other two groups.
In echocardiography, abnormal findings were detected in four FA cases. Mitral valve prolapse was diagnosed in two of these four cases, mitral insufficiency in one case, and diastolic dysfunction in one case. Furthermore, in a cardiac Doppler study, the septum and posterior wall thicknesses, left atrium, left ventricle, end-systolic and end-diastolic volumes, and ejection fraction parameters were studied. The septum was found to be thick in FA cases, and no other difference was detected among the three groups in terms of other parameters.
Oral glucose tolerance tests, biochemistry panels, and hormone profiles were found to be normal in all three groups. 
DISCUSSION
Hereditary ataxias are slowly progressing diseases inherited as AR, AD, and X-linked. Final diagnosis is based on molecular studies in hereditary ataxias. Clinical history, clinical examination, laboratory tests, and neuroimaging studies aid diagnosis.
In our study, in ataxia cases, which were considered to have developed on a genetic basis, both frequency and phenotypic characteristics of these forms were elucidated by considering the prevalence of FA and SCA types 1, 2, 3, and 6 in line with data from molecular studies.
FA was first described by the German doctor Nikolaus Friedreich in 1863, and AR is the most commonly observed form of inherited ataxias. In very broad terms, FA represents at least 50% of all hereditary ataxias. FA cases accounted for 47.2% of our study patients as well. FA arises from a FRDA (X25) gene mutation in the q13-q21.1 region of the 9 th chromosome (24) . In 96% of cases, because of increases in the GAA trinucleotide repeats that are localized in the first intron of the X25 gene, the frataxin protein controlling the quantity of iron in mitochondria is reduced (24) . The greater the increase in the trinucleotide repeats, the earlier the age at disease onset and the heavier the clinical picture is. Pathological repeat count varies between 66 and 1700. Although the average GAA trinucleotide count of our cases was 677.7 (100-1300) times, no correlation was found between trinucleotide repeat count and the age at disease onset and disease severity (p=0.278).
Disease incidence is 1/30,000-50,000, and the carrier frequency is 1/60-110 (25, 26) . Clinical findings generally begin at the age of 5-15 years, and incidence before that ages of 20 years is an important characteristic of the disease (27) . In our study, the disease onset age was 12.03±3.9 years, which was found to be consistent with the literature.
In FA, clinical findings present themselves with progressive extremity and walking ataxia. In neurological examinations, in addition to cerebellar findings, weakness, deep sensory impairment, Babinski positivity, and loss of deep tendon reflexes (DTR) in lower extremities at an early stage are 116 among the basic characteristics of the disease. Skeletal deformities were determined in physical examination. In our cases, the findings started with imbalance and frequent falling complaints, and weakness was detected in 52.9% (paraparesis in 38.2% and quadriparesis in 14.7%) of the subjects. Deep tendon reflexes were considered lost and/or hypoactive in all of the cases. In almost all cases, besides Babinski positivity and/or indifference, deep sensory (basically vibrational sensations) stimulation was detected.
In FA, sensorineural hearing loss (8-13%), optical atrophy, and severe visual stimulation may be seen (17) . In our cases, sensorineural hearing loss was not detected and optical atrophy was diagnosed in 16.1% of cases.
Cardiac findings (mitral valve prolapse, hypertrophic cardiomyopathy, systolic murmur, angina, arrhythmia, congestive heart failure, concentric ventricular hypertrophy, palpitation, hypokinetic dilated left ventricle, muscular subaortic stenosis) are other events that can accompany the findings for FA. In echocardiographical examinations performed on FA cases without any cardiac symptoms, increases in the intraventricular septum and left ventricle posterior wall thicknesses and dilatation in left atrium were detected (28, 29) . These studies have demonstrated a correlation between GAA repeats and left ventricle hypertrophy (30) . In 4 of our cases, echocardiographical findings characterized by mitral valve prolapse, 2° mitral failure, and diastolic dysfunction were determined. Furthermore, in tissue Doppler examinations, septum thickness was determined to increase in favor of FA cases (p<0.05).
Skeletal deformities (mallet finger, kyphoscoliosis, dome palate, pes cavus, pes planus, and echonivarus) are rather frequent. Milbrandt et al. (31) determined 63% had scoliosis and 24.5% had hyperkyphos in a series of 77 patients. Previous studies have indicated that foot deformity prevalence was between 55% and 90% (32, 33, 34, 35) . In all of our cases, skeletal deformities consisting of one or more of such deformities (pes cavus, kyphoscoliosis, and dome palate) were detected.
Neuropathy and associated complaints are frequently reported in FA. In electrophysiological examinations, reduction inaction potentials was detected in the sensorial nerve or sensorial action potentials could not be obtained. Sensorial based mixed-type polyneuropathy findings were determined in 91.1% of our cases. Furthermore, though central transmission time has not been measured in our cases, due to peripheral or central stimuli, SEP, VEP, and BAEP abnormalities were detected in 54.4%, 17.6%, and 8.8% of our patients, respectively.
Vedolin et al. (36) have detected cerebellar atrophy in the MRG of patients and determined signal changes in the brain stem, cerebellum, and T1 and T2 weighted images. In addition, Akhlaghi et al. (37) have demonstrated that superior cerebellar peduncle atrophy is correlated to onset age, disease duration, and weight of clinical findings. From neuroimaging, cerebellar atrophy and spinal atrophy were determined in 33.8% and 11.7% of our FA cases, respectively, while cerebellar atrophy was diagnosed in the two SCA6 cases but spinal atrophy was not observed.
Though mental retardation is rarely reported in FA cases, mental retardation has been found in 14.7% of our cases (38) . This percentage may also be correlated with consanguineous marriages (35.2%), which was rather frequent in our study. Furthermore, partial epileptic attacks have been observed in two of our patients (2.9%). These findings confirm the relationship of FA with mitochondrial cytopathies.
Considering not only FA cases described above, but also SCA1, SCA2, SCA3, and SCA6 cases studied together with laboratory tests, though there are exceptional examples, it was noted that the most commonly seen SCA type globally was SCA3 (39, 40, 41) .
Other than the 68 FA cases inherited as AR, out of 61 cases considered to have been inherited as AD, two have shown the ataxin 1 (ATXN 1) (SCA1) gene mutation, and two have shown the CACNA1A (SCA6) gene mutation.
SCA1 is caused by ataxin-1 protein deficiency including an expanded CAG trinucleotide repeat coded by the ATXN 1 gene (42, 43, 44) . Clinical findings have emerged in different decades such as ages 4-74 (generally in the 4 th decade). Neurological examinations show cerebellar syndrome findings, oculomotor apraxia, slowing down in saccades, a reduction in vestibulo-ocular reflex, and reduction in optokinetic nystagmus. In nerve transmission studies, findings are characterized by sensorial or sensorial-motor axonal neuropathy. Pontine and cerebellar atrophy are detected in cerebral MRG. In our study, in the family considered to have SCA1, the clinical findings started at around the age of 40 years with imbalance and (45, 46, 47, 48) . These findings may further be accompanied by not only vibration and proprioceptive sensorial loss, but also nystagmus (downward nystagmus), balance disorders emerging with head movements, and such extrapyramidal findings as dysphagia, bradykinesia, parkinsonism and dystonia, and eye movements may be restricted in all directions (45, 46, 47, 48) .
Neurological examination of male index cases of 17 years of age, diagnosed as SCA6 in our study, demonstrated cerebellar findings, optical atrophy, nystagmus, deep sensorial disorders, and corticospinal tractus stimulus findings, as well as extrapyramidal findings such as dystonia and torticollis.
In conclusion, hereditary ataxias are finally diagnosed by molecular genetic studies. Neurological examination findings, and laboratory tests consisting of electrophysiological and neuroimaging aid diagnosis and classification of ataxias. The duty of the clinician is to make a correct typing as far as possible, thereby minimizing the time and cost of molecular analysis studies.
It may not be possible to always obtain correct information from families and to draw a healthy pedigree. As also seen in our daily practice, patients, or their relatives, may try to deny or associate their diseases with individuals having neurological findings developing on heredodegenerative grounds in other generation(s). By also considering the frequency of consanguineous marriages in our country, in the case of an ataxia, we must first evaluate in detail the FA phenotype and its associated findings. If FA diagnosis can be ruled out by the associated findings, we must consider AD inherited SCA and other causes of ataxia.
